ABSTRACT
INTRODUCTION
The analysis of gases dissolved in oil (DGA) is an efficient tool for assessing the technical state of oil transformers in service. It helps us to detect the faults in their incipient stage already. Well in advance it indicates the danger of failures which could originate as a consequence of such faults. It thus enables a "timely diagnosing" of oil transformers to be secured. DGA has become the main diagnostic tool in the diagnostic of oil transformers in service. The character of the operation of 110 kV instrument transformers requires a strict distinguishing of the following two cases: -Occurrence (presence) of a fault: the transformer must then be put out of service as soon as possible. -Absence of a fault: the transformer may then remain in service.
APPLICATION: MULTILAYERED NEURAL NETWORK
The procedure described in the EN 60599 standard [1] is recommended also for 110 kV instrument transformers for evaluating the concentrations of decomposition gases dissolved in oil as assessed by the chromatographic analysis.
The dissatisfaction of the authors with the stating capability of the EN 60599 standard in the case of 110 kV instrument transformers led to the idea of applying some of artificial intelligence methods for evaluating the concentrations of gases dissolved in oil. The application of artificial neural networks was chosen for this purpose. They have been already applied in many fields.
A multilayered neural network was then chosen in the given context due to its relative simplicity, high flexibility and adaptability.
A wide application of multilayered neural networks is also supported by the fact that a formalized optimum procedure for training (learning) has been derived for them. A review of neural network theory is given in [3, 4] .
TOPOLOGY OF THE APPLIED NETWORK
With regard to present knowledge, a three-layer neural network, more exactly a three-layer feedforward neural network was chosen for our application.
Number of neurons in the input layer: 7
This number reflects the fact that the knowledge of a numerical magnitude of the concentration of seven decomposition gases is required for the calculation (i. e. for the evaluation of the existence of a fault). The matter concerns the following gases: 
Number of neurons in the hidden layer: 2
The number of neurons in the hidden layer is derived within the training of the network (see later).
Author name of the examined neural network described above is FFNN/DGA/2. 
TRAINING DATA SET
Training data set is formed by 50 gas chromatographic analyses ("groups") realized on 110 kV instrument transformers in service. Each group (pattern as a matter of fact) consists of seven numerical items concerning the concentration of chosen decomposition gases and of one numerical item concerning the evaluating conclusion from the diagnostic point of view. The concentrations of decomposition gases in oil were assessed by applying the measuring procedure WNS (internal denotation of EGU Brno, a. s. ), always by using the same measuring instruments. The measuring procedure WNS is in compliance with the EN 60567 standard [2] . It should be pointed out that the evaluation of the concentrations of decomposition gases in oil during the gas chromatographic analysis was the object of maximum attention -from the diagnostic point of view. The diagnostic finding (conclusion) obtained when using the EN 60599 standard was confronted with our own knowledge and experience. In some controversial cases the transformer was opened, its interior part was inspected and/or it was even disassembled.
The controversial diagnostic findings (conclusions) obtained based on using the EN 60599 standard could thus be corrected so that they may correspond to the reality. These analyses with a corrected diagnostic conclusion were then included into input data for training. 
TRAINING
Training (learning) of the network was carried out based on the application of L-M (Levenberg -Marquardt) algorithm with using the described training data set [5] . A modified sigmoid function (tansig) was used as the transfer function. Table 1 was set up based on the process of learning which indicated the magnitude of SSE (sum-squared error) of training depending on the number of neurons in the hidden layer. As can be seen from this table, two neurons in the hidden layer are sufficient for the given network.
TEST DATA SET
The test data set was formed again by 50 gas chromatographic analyses ("groups") realized on 110 kV instrument transformers in service.
In principle, the test set was formed in the same way as the training set. The given test set was used for testing the network which had been learned. It was revealed that the decision made by the FFNN/DGA/2 network was correct in 98% of cases. The result of correct diagnoses can be considered as very good in these applications.
CONCLUSIONS
An artificial neural network named FFNN/DGA/2 was proposed and verified for determining the diagnosis of 110 kV instrument transformers based on the application of DGA.
The basic parameters of this network are as follows:
• Three-layer feedforward neural network (7 neurons in the input layer, 2 neurons in the hidden layer and 1 neuron in the output layer)
• Network with the teacher (supervised learning)
The above-given information and knowledge represent a basis for elaborating a special calculation program (expert system) to be used for diagnosing instrument transformers based on the application of DGA.
